Serum samples from 197 patients with and without candidiasis were assayed for Candida albicans mannan and Candida krusei mannan by an enzyme-linked immunosorbent assay (ELISA) and a latex agglutination test (LA) and for D-arabinitol by the enzymatic fluorometric method. Of the 43 patients positive for C. albicans mannan ('0.2 ng/ml), 34 were infected with C. albicans and 9 were infected with Candida tropicalis. C. krusei mannan (_0.3 ng/ml) was detected in 10 patients infected with Candida parapsilosis, 2 patients infected with Candida guilliermondii, and 1 patient infected with C. krusei. With both anti-C. albicans antibodies and anti-C. krusei antibodies, the sensitivities of ELISA and LA for detection of invasive candidiasis (58 patients) were 74 and 38%, respectively. No false-positive reactions were observed by the ELISA or the LA. The sensitivity and specificity of the D-arabinitol/creatinine ratio (_1.5 ,umol/mg) to invasive candidiasis were 50 and 91%,
respectively. The ELISA with antibodies against both C. albicans and C. krusei may be useful in diagnosing invasive candidiasis caused by medically important Candida strains excluding Candida glabrata.
Invasive candidiasis remains a significant complication in patients with hematologic malignancies, patients receiving total parenteral nutrition, and patients with solid tumors in whom abdominal surgery has been performed. The diagnosis of invasive candidiasis is made by the frequent isolation of Candida species from normally sterile sites; histological evidence of Candida invasion; or positive results for cell wall mannan (3, 9, 17) , enolase (16) , or D-arabinitol (3) . Candida albicans mannan has been detected in the sera of patients with C. albicans or Candida tropicalis infections by radioimmunoassay (17) , enzyme-linked immunosorbent assay (ELISA) (3, 9) , and the latex agglutination test (LA) (1, 12) . The specificity of the ELISA for mannan was 95% or more, but the sensitivities varied between investigators and ranged between 22 and 100% (6) . On the other hand, Candida parapsilosis, Candida guilliermondii, Candida krusei, and Candida glabrata have also been isolated from blood cultures (5) . Therefore, sensitivity might be increased if mannan as well as other polysaccharide antigens of Candida species were detected. This report describes an ELISA and an LA used to diagnose invasive candidiasis caused by medically important Candida isolates.
Candida metabolites can be detected in the serum of affected patients by the enzymatic fluorometric assay (15) , which is now commercially available as a D-arabinitol test kit, and by gas-liquid chromatography (3) . Because Culture conditions. Candida isolates were grown in Yeast Nitrogen Base broth (Difco Laboratories, Detroit, Mich.) with 0.3% glucose for 24 h at 35°C. The pellets were washed with sterile distilled water, and about 105 washed cells were inoculated into 2 ml of Yeast Nitrogen Base broth with glucose and inoculated on a shaker (150 rpm) at 35°C for 22 h. After boiling in a water bath for 5 min, the cultures were centrifuged at 3,000 x g for 10 min. Then, the supernatants were diluted 1:2 in distilled water for D-arabinitol measurement, and serial 10-fold dilutions (1:10, 1:100, and 1:1,000) were made for antigen detection.
Antiserum preparation. Six Candida isolates (C albicans serotype A, C. tropicalis, C. parapsilosis, C. guilliennondii, C. knrsei, and C. glabrata) from blood cultures were used.
First, each of the isolates was grown on Candida GS agar plates (Eiken Chemical Co. Ltd., Tokyo, Japan), harvested by centrifugation, and washed three times in sterile saline. Next, Japanese White rabbits were inoculated subcutaneously with a 1:1 emulsion (1 ml) of a 10% saline suspension of heat-killed (80°C for 30 min) cells and Freund complete adjuvant. Two weeks later, the rabbits received another inoculation in the same manner. Two weeks after the last inoculation, intravenous injections of about 108 heat-killed cells were given weekly, and the rabbits were tested for antibody responses by the homologous agglutination test and the hemagglutination test (Hoffmann-La Roche, Basel, Switzerland) 4 days after each intravenous inoculation. When a homologous agglutination titer of 1:128 or more was obtained, blood was collected, and the serum was stored at -80°C until use.
Patients and controls. During a 5-year period from July 1987 to July 1992, 540 serum samples were obtained from 197 hospitalized patients, and all sera were frozen at -80°C. Sera were taken at the acute stage of infection, and at least two serum samples per patient were tested. When positive results for antigens or the D-arabinitol:creatinine ratio were obtained, sera were taken twice a week thereafter. Sera drawn during the administration of D-mannitol were excluded. Patients were divided into five groups on the basis of clinical and microbiological information. Group 1 (invasive candidiasis) consisted of 16 patients (72 serum samples) with deep-seated candidiasis confirmed by histological evidence at autopsy or surgery and 42 patients (178 serum samples) who had two or more positive blood cultures drawn over a period of days. Group 2 consisted of 20 patients (52 serum samples) with possible invasive candidiasis, defined by sustained fever despite antibacterial therapy. Antifungal agents such as amphotericin B, miconazole, or fluconazole were administered parenterally to all patients in this group for treatment of suspected candidiasis. Cultures of sputum (12 patients), urine (2 patients), or catheter tip (4 patients) were positive for C. albicans. C. parapsilosis was isolated from the peritoneal fluid of one patient and from the catheter tip of one patient. Group 3 (transient candidemia) consisted of 10 patients who had only one positive blood culture for Candida species (6 patients with C. albicans, 2 patients with C. parapsilosis, and 1 patient each with C glabrata and C. tropicalis) and whose temperature had fallen to normal within 2 days of the candidemia. Group 4 consisted of 54 patients with bacterial sepsis. These patients made favorable progress after parenteral administration of antibiotics. Group 5 consisted of 55 cancer patients without clinical evidence of infection. Forty-two normal healthy adults were also included in the study.
ELISA for antigens. The ELISA technique for detecting Candida antigens is similar to that described previously (4) . Briefly, polystyrene microtitration plates (Immulon II; Dynatech) were coated with 0.1 ml of the diluted immunoglobulin G (IgG) (anti-C. albicans IgG, 5 ,ug/ml; anti-C krusei IgG, 10 ,ug/ml) in 0.1 M bicarbonate buffer (pH 9.6) at 25°C for 2.5 h and then at 4°C overnight. The plates were washed with phosphate-buffered saline (PBS) containing 0.05% Triton X-100 (PBST) by using a microplate washer. After 0.1 ml of heat-treated (9) or protease-heat treated serum samples was added to the wells, the plates were incubated at 25°C for 2.5 h. Each well was washed five times with PBST, after which 0.1 ml of diluted biotin-linked IgG (in PBST containing 0.5% bovine serum albumin and 1% polyethylene glycol 6000) was added, and the plates were incubated at 25°C for 1.5 h. After five more washes, 0.1 ml of a 1:2,000 dilution of streptavidin-horseradish peroxidase conjugate (Bethesda Research Laboratories) was added and the plates were incubated at 25°C for 30 min. To determine the optimal dilutions of the biotin-linked IgG and streptavidinenzyme conjugate, checkerboard titrations were done. The unbound conjugate was removed by washing thoroughly, and a substrate (0.1 M citrate buffer [pH 4.5]) containing 0.1% o-phenylenediamine and 0.012% hydrogen peroxide was added at 0.1 ml per well. The enzyme-substrate reaction was allowed to proceed at 25°C for 15 min, and the actual A450 was measured on a spectrophotometer. Pooled sera containing antigens at concentrations ranging from 0.125 to 4 ng/ml were included on each plate. The concentrations of antigens in the serum samples were extrapolated from the standard curve.
Candida polysaccharide antigens of C. albicans serotype A, C. glabrata, C. guilliermondii, C. krusei, C parapsilosis, and C. tropicalis were prepared by the method of Meister et al. (10) . Carbohydrate was measured by the anthrone reaction by using D-mannose as a standard (7) . For thin-layer chromatography, samples of the carbohydrate preparations (5 mg/ml in 2 N HCl) were hydrolyzed for 2 h in a boiling water bath. Thin-layer chromatography was carried out on cellulose F 254 (Merck, Darmstadt, Federal Republic of Germany) with pyridine-ethyl acetate-water (26:66:8; by volume) as the solvent (10) . Protease and heat treatment of serum samples was performed as follows: 0.3 ml of each sample was mixed with 40 ,ul of protease (20 mg/ml in PBST [type VIII; Sigma]), incubated for 30 min at 45°C, and placed in a boiling water bath for 5 min. The mixture was then centrifuged, and the supernatant was used for antigen detection.
LA for antigens. Polystyrene beads (0.8 pum in diameter; Difco) were coated with antibodies against C. albicans (LA-CA reagent) or C. krusei (LA-CK reagent). In brief, 1 volume of latex beads was added to the same volume of IgG solution diluted with glycine-buffered saline (0.85% NaCl and 0.75% glycine [pH 8.4]), and the mixture was incubated at room temperature for 2 h. After centrifugation at 3,000 x g for 10 min, the pelleted latex beads were washed three times with glycine-buffered saline and resuspended in 2 volumes of glycine-buffered saline containing 0.1% bovine serum albumin and 0.05% sodium azide. The sensitivities of the LA reagents were assessed for each run by testing pooled serum containing mannan antigens at final concentrations of 0.5, 1, 2, or 4 ng/ml. To 25 ,ul of protease-treated serum, 25 RI of latex reagent was added and mixed on a slide for 10 min at 160 rpm in a moist chamber.
D-Arabinitol measurement. D-Arabinitol was measured by using a commercial test kit from Nacalai Tesque Co., Ltd., Kyoto, Japan. In brief, 0.5 ml of sample was mixed with 1 ml of 0.05 mol of citrate buffer (pH 4.0) per liter. The mixture was placed in a boiling water bath for 5 min and was centrifuged at 1,500 x g for 10 min. Then, 2 ml of reaction mixture containing resazurin, NAD, and diaphorase was added to 0.3 ml of the supernatant. After adding 0.05 ml of D-arabinitol dehydrogenase solution to the mixture, the increase in fluorescence was measured with a spectrofluorophotometer (15) .
RESULTS
Homologous agglutination titers of 1:256 to 1:2,048 (indirect hemagglutination titers of 320 to 20,480) were obtained. The ELISA with antiserum against C. albicans or C. tropicalis detected both C. albicans antigens and C. tropicalis antigens with almost the same sensitivity (Table 1 ). In the detection of Candida antigens excluding C. albicans and C. tropicalis, ELISA with anti-C krusei antibodies was somewhat more sensitive than that with antibodies against C. parapsilosis, C. guilliermondii, or C. glabrata. From the results given in Table 1 , both antibodies against C. albicans and antibodies against C. krusei were chosen for the detection of Candida antigens. The patterns obtained by thinlayer chromatography were identical for each antigen and showed one strong spot which corresponded with mannose.
Broth cultures of C albicans serotype B, C. parapsilosis, C. guilliermondii, C. krusei, and C. glabrata revealed C. albicans antigen levels of 0.01 ,ug/ml or less (Table 2 ). C. guilliennondii, whereas cultures of C krusei and C. glabrata showed D-arabinitol concentrations of 10 ,umol/liter or less. Figure 1 shows the standard curves of C. albicans and C krusei mannans according to serum treatment. The upper limit of negativity was determined by adding 3 standard deviations of about 0.06 each to the absorbance of the pooled serum samples from normal healthy adults. With the protease and heat treatment, this value was 0.2 ng/ml for C. albicans mannan and was 0.3 ng/ml for C krusei mannan. With heat treatment of the samples, the sensitivity limit was 0.3 ng/ml for C. albicans mannan, whereas it was 0.5 ng/ml for C. krusei mannan. From these results, protease and heat treatment was chosen for subsequent studies. The sensitivities of the LA-CA and LA-CK tests were 1 and 4 ng/ml, respectively.
The results of tests for antigens and D-arabinitol in various groups are given in Table 3 
DISCUSSION
Previous studies have shown that Candida mannan antigen detection in the diagnosis of invasive candidiasis is inconsistent probably because of the low detection limits (generally above 1 ng/ml) of various detection systems (1, 4, 8) . In our ELISA, the detection limit was 0.2 ng/ml, whereas it was 0.8 ng/ml in a previous study (4) . This improvement in sensitivity may be due to antisera with high titers against C albicans mannan and the use of protease treatment rather than the boiling method for the dissociation of antigenantibody complexes. Antimannan serum was readily obtained by intravenous (9, 13) or subcutaneous (17) injections of heat-treated C. albicans. However, serological tests for Candida antibody such as agar gel diffusion, whole-cell agglutination, and LA have not been reliable, and the necessity for standardized reagents for antibody titration has been stressed (11) . We used a commercially available indi- (4) . Heat treatment of diluted serum containing EDTA has been reported to give assays greater sensitivity than the protease and heat treatment or heat extraction methods (9). However, the detection limit of the EDTA and boiling method was about twofold greater than that of the protease method in our study. This reduction in sensitivity may have resulted from the trapping of antigen within the precipitates, the incomplete dissociation of serum-antigen complexes, or the dilution (1:1) of serum samples.
Because of the simplicity of the LA, this method has been applied for the detection of C. albicans mannan (1, 12) . The LA for mannan, which had a detection limit of 1.25 ng/ml in buffered saline, had been reported to be positive in 17 (81%) of 21 patients with disseminated candidiasis (1) . On the other hand, Phillips et al. (12) reported that none of their patients with candidiasis showed positive results by LA for mannan. In our study, 22 (51%) of 43 C. albicans mannan-positive patients showed positive results for LA-CA which could detect 1 ng of mannan per ml in pooled serum. The ELISA was about three-to eightfold more sensitive than the LA, and sera from 48% of antigen-positive patients were negative for the antigen by the LA. Therefore, the diagnostic value of the LA is limited.
C. albicans and C. tropicalis are important pathogenic yeast strains in immunocompromised patients. In our series, 55 (71%) of 78 patients with invasive or possible invasive candidiasis were affected by these two Candida species. Four Candida species, C. glabrata, C. krusei, C. parapsilosis, and C. guilliermondii, have reportedly been isolated from 52 of 200 fungemic patients (5). Horn et al. (5) have reported that most fungemic patients with C. albicans, C tropicalis, or C. krusei infections had disseminated or local disease at autopsy, whereas none of those with C. parapsilosis or C. glabrata infections did (5) . In our present study, no patients with histologically proven C. glabrata infections were found. Of 12 patients with C. parapsilosis infections, however, 1 had histologically proven endocarditis with intermittent antigenemia, and 8 patients showed persistent or intermittent antigenemia, suggesting invasion of the tissues by Candida strains.
Broth cultures of C. glabrata showed negative results in tests for antigens and D-arabinitol, suggesting the nonvalue of these tests in diagnosing C. glabrata infections. The ELISA with antibodies against C. knrsei detected C. albicans and C. tropicalis antigens in broth cultures, but it failed to detect C. krusei antigens in patients infected with C. albicans or C. tropicalis. One of the reasons for these negative results may be antigen concentrations that were below the detection limit.
Although D-arabinitol is a major metabolic product of Candida species, a higher D-arabinitol/creatinine ratio in sera from high-risk patients without candidiasis than that in sera from normal subjects was observed (3) . In our study, 13 of 109 patients without invasive candidiasis had elevated D-arabinitol/creatinine ratios. Heavy colonization by Can- dida species at mucosal sites may have resulted in the production of sufficient D-arabinitol to cause a significant rise in concentrations in serum, because high-risk patients were readily colonized with Candida species (14) . Moreover, the enzymatic fluorometric assay for D-arabinitol demonstrated positive results in cultures of C. krusei from which no D-arabinitol production was detected (2) . These positive results might be linked to the assay format; D-arabinitol dehydrogenase also oxidized serum D-mannitol, and D-mannitol generated NADH as efficiently as D-arabinitol did (15) .
In conclusion, the ELISA with antibodies against C. albicans in combination with the ELISA with antibodies against C. krusei is a useful method for the diagnosis of invasive candidiasis caused by medically important Candida strains excluding C. glabrata. Because of the time-consuming nature of the ELISA method, however, a simple and rapid method other than the ELISA is in use in our laboratory.
